Two holostane type glycosides, apostichoposide D (1) and E (2), were isolated from the viscera of the Chinese sea cucumber Apostichopus japonicus Selenka, a traditional tonic of high economic value in China. The structures of the two compounds were elucidated by a combination of 1D, 2D NMR, and HR-MS spectroscopic data as well as acid hydrolysis analysis. Compound 1 had adequate cytotoxic activity against MGC-803 and PC-3M cell lines, and compound 2 exhibited adequate inhibitory effect on MGC-803 cell lines. Our results indicate that glycosides present in A. japonicus viscera were an important high-value resource.
INTRODUCTION *
Sea cucumbers belonging to the class Holothurioidae are soft-bodied wormlike echinoderms, which have long been exploited as a fishery resource in Russia, China, Korea, and Japan. [1] [2] [3] Their diverse secondary metabolites were used in pharmaceutical, nutraceutical, cosmeceutical and agrochemical products. 4, 5 Triterpene glycosides, present in sea cucumber species, have been thoroughly researched. The majority of the glycosides contain holostane-type aglycones-lanostane derivatives with 18(20)-lactone, as opposed to non-holostane aglycones-lanostane derivatives without 18 (20) -lactone. [6] [7] [8] [9] The carbohydrate chains of the glycosides are comprised of two to six monosaccharide units. Sea cucumber glycosides exhibit a wide spectrum of biological activities against cardiovascular diseases, tumors, fungal infections, and hypertension. [10] [11] [12] [13] [14] Due to the presence of multiple proteases in internal organs, the viscera are usually removed to avoid adverse reactions during sea cucumber processing. Recent studies have shown that glycoside levels in sea cucumbers are significantly higher in their viscera than in their body wall. 15, 16 In this study, we analyzed the structure of two novel holostane glycosides from the viscera of Chinese Apostichopus japonicus using 1 H, 13 C NMR spectra, 2D NMR, and HR-ESI mass spectrometry. The cytotoxic activities of the two compounds against human gastric carcinoma MGC-803 cells, human prostate cancer PC-3M cells, and human breast cancer MCF-7 cells were evaluated. Our study findings highlight the diversity and biological activities of glycosides in A. japonicus.
RESULT AND DISCUSSION
MeOH extract of A. japonicus viscera was loaded onto a D101 macroporous adsorption resin column and eluted with four bed volumes (BV) of 30% ethanol and four BV of 60% ethanol. Subsequently, the saponin-rich fraction was eluted with six BV of 90% ethanol, concentrated, and dried. The residue was subjected to sequential column chromatography, including Sephadex LH-20, silica gel, and RP-18 gel, yielding compounds 1 and 2. The structures of these two compounds were elucidated by extensive NMR techniques including 1D NMR ( 1 H and 13 C NMR), 2D NMR, HR-ESI-MS, as well as chemical analysis.
Compound 1 (Fig. 1 ) was a white amorphous powder with molecular formula C 60 H 96 O 29 based on HR-ESI-MS at m/z 1235.5951 [M−H−CO 2 ] − , a 44-Da neutral CO 2 loss from the 18(20) lactone moiety, 17 and NMR spectroscopy. The 1 H NMR spectrum of compound 1 displayed five three-proton singlet signals at δ H 0.95, 1.10, 1.38, 1.42, and 1.48, indicating the presence of tertiary methyl groups, two three-proton doublets at δ H 0.90 and 0.91 (J = 7.3 Hz) from the secondary methyl groups, and an olefinic proton H-11 at δ H 5.32. The 13 C NMR spectrum displayed 60 carbon signals and seven methyl groups at δ C 17.9, 18.8, 22.6, 22.8, 22.9, 27.7, and 28.8. The resonances at δ C 146.1 (C-9) and 111.1 (C-11) were assigned to olefinic carbons. Shielded chemical shifts at δ C 213.6 (C-16) and δ C 176.5 (C-18) suggest the presence of two carboxyl groups. The structure of compound 1 is characteristic of the holostane-type skeleton, based on comparison between its 1 H and 13 C NMR data (Tables 1 and 2) and those of congeners from sea cucumber. Additionally, the 1 H NMR spectrum of compound 1 revealed five anomeric proton signals at δ The cytotoxic activities of compounds 1 and 2 against MGC-803 (human gastric carcinoma cell line), PC-3M (human prostate cancer cell line), and MCF-7 (human breast cancer cell line) were evaluated. Compound 1 displayed good cytotoxic activity against MGC-803 and PC-3M cell lines (IC 50 31.86 and 87.65 μg/mL, respectively). Compound 2 had adequate inhibitory effects against the MGC-803 cell line (IC 50 71.21 μg/mL) and moderate cytotoxic activity against the PC-3M cell line (IC 50 > 100 μg/mL). However, compounds 1 and 2 had weak effects on MCF-7 cell proliferation with an inhibition rate of 25.3% and 26.9% at 100 μg/mL, respectively. Furthermore, 5-Fluorouracil showed moderate inhibitory effect (IC 50 > 100 μg/mL) against the three cell lines. Treatment with the two compounds resulted in significant changes in the morphology of MGC-803 and PC-3M cells (Fig. 3) . 
EXPERIMENTAL

Viscera material
A. japonicus were collected in May 2017 close to Penglai-Changdao, China, and identified by Professor Kechun Liu from the Biology Institute of Qilu University of Technology (Shandong Academy of Sciences). The separated viscera were kept in zip-lock plastic bags, which were snap-frozen, transferred to the laboratory, and stored at −20°C. A voucher specimen (No.SWS0511AD) was deposited at the Key Laboratory for Drug Screening Technology of the Biology Institute.
Experimental apparatus
IR spectra were obtained using a Thermo Nicolet iS10 spectrophotometer (MA, USA) with KBr disks. HR-ESI-MS data were obtained using an Agilent 6520 series Q-TOF mass spectrometer (Palo Alto, CA, USA). NMR spectra were acquired from a Bruker Avance III 400-MHz spectrometer (Karlsruhe, Germany) in pyridine-d 5 solutions. Sugar analysis was performed by HPLC using a Hitachi L-2130 pump (Tokyo, Japan) coupled to a Hitachi L-2400 UV-vis detector (Tokyo, Japan).
Extraction and isolation
The dried viscera of A. japonicus were minced and homogenized, and the powders (200 g) were extracted three times at reflux with MeOH (2 h each time). The extracts were pooled and concentrated in a rotary evaporator at 45°C under reduced pressure to remove the methanol. The residual sample was suspended in water (200 mL) and loaded onto a column containing pretreated D101 macroporous adsorption resin (0.3-to 1.25-mm particle size, Nankai University Chemical Plant, Tianjin, China). Subsequently, the column was eluted with four BV of redistilled water and six BV of 30% and 60% ethanol. The saponin-rich fraction was eluted with six BV of 90% ethanol, concentrated, and dried. The saponin fraction (4.1g) was applied to Sephadex LH-20 (CH 2 Cl 2 /MeOH, 1:1), yielding three fractions (Fr. 1-3). Fraction 2 (2. 
Acid hydrolysis of compounds 1 and 2
The configuration of sugars was determined using a previously published method with minor modification. 18 Compounds 1 and 2 (3 mg) were hydrolyzed with 1 M HCl (4.0 mL) and heated at 80°C for 4 h. The reaction mixture was neutralized with Na 2 CO 3 and filtered, and the filtrate was successively extracted with CH 2 Cl 2 (3 × 4.0 ml). Following evaporation under vacuum, the aqueous layer was concentrated to yield the sugar portion. The obtained sugar portion and L-cysteine methyl ester hydrochloride (4 mg) were dissolved in pyridine (1 mL) and heated for 1 h at 60°C. Subsequently, o-tolyl isothiocyanate (100 μL) in pyridine (1 mL) was added to the mixture and heated for 1 h. The reaction mixture (2 mL) was analyzed by HPLC and detected at 250 nm (ACN: H 2 O = 10:90~40:60, 1 mL/min, 20 min). The sugars of each reactant were identified by comparing their retention times with those of actual samples: t R (min) D-glucose (10.61), D-xylose (11.28).
Cytotoxicity assay by cell counting kit-8
The assays were conducted as described previously. 19 MGC-803, PC-3M, and MCF-7 cells were cultured in 96-well culture plates (5 × 10 3 cells per well) in DEME and RPMI 1640 medium supplemented with 10% fetal bovine serum. Subsequently, the cells were treated with different concentrations (100, 50, 25, 12.5, 6.25, and 3.125 μg/mL) of compounds 1 and 2 for 6 h; 5-Fluorouracil was used as a positive control. The morphological changes of the treated cells were examined under an inverted microscope (Olympus, Tokyo, Japan). An aliquot of the cell counting kit-8 solution (10 µL; CCK-8; Dojindo, Kyushu, Japan) was added to each well, and the cells were incubated for 2 h in a humidified atmosphere of 5% CO 2 at 37°C. The absorbance of the solution was determined at 450 nm using a microplate spectrophotometer. Cell inhibitory rate was calculated using the following formula, Cell inhibitory rate (%) = [1 − A 450 (sample)/A 450 (control)] × 100.
CONCLUSIONS
Triterpenoid glycosides were known as one of the main components in sea cucumber, which were suggested to be a kind of chemical defense molecules against potential predators. 20-24 Viscera glycosides have especially attracted considerable attention due to their complex structures and physiological functions. Herein two holostane-type glycosides, apostichoposide D (1) and E (2), were isolated from the viscera of the Chinese sea cucumber A. japonicus. The structures of the two compounds were elucidated based on extensive spectroscopic analysis, including HR-MS, 1D and 2D NMR, and chemical analysis. They showed strong inhibitory activities against human gastric carcinoma MGC-803 cells and human prostate cancer PC-3M cells. Our study findings will assist in the industrial applications of sea cucumber viscera.
